genes at 26 C, including pgl-1 [1, 7] . Because only 20% of pptr-1 mutants are sterile at 26 C, there are clearly other molecules necessary for maintaining robust germ cell proliferation and differentiation at high temperatures; other subunits of the PP2A heterotrimer could be involved in this process. In RNAi screens for genes that affect P granule dynamics, let-92 and paa-1, which respectively encode the catalytic subunit and a structural subunit of PP2A, were found to be required for proper P granule partitioning in embryos [8] .
To fully understand how PP2A regulates P granule partitioning and germline development, the precise roles of the PP2A heterotrimer subunits need to be analyzed and the targets of PPTR-1 need to be identified. The identification of additional regulatory molecules will aid in understanding how asymmetric P granule partitioning during embryogenesis may preserve germline specification at high temperatures and in other stressful conditions, such as starvation.
Now that evidence has been presented that P granules do not specify the germline, the question of what determines the germline remains. Is a reduced amount of P granule components sufficient for normal germline development? Alternatively, is germline specification in C. elegans similar to the inductive determination seen in mammals, or is it a mixture of inductive and deterministic development?
The identification of pptr-1 as a regulator of P granule dynamics may provide a blueprint for future experiments. For example, since PPTR-1 is not a known component of P granules and previously was not implicated in P granule partitioning, it is clear there is still a need to find regulators of germline development. Additionally, more experiments need to be done to determine with more clarity if RNAs or proteins, such as PPTR-1, associate with any P granule components, even transiently. Finally, understanding how general signaling platforms, such as insulin signaling, regulate germline specification will greatly improve our insight into how external cues, including environmental information, are incorporated into germline development. Future experiments will help clarify the connections between P granules, germline development, and the environment, but it seems that when it comes to determining a germline, the embryo will not be minding its P granules. 4 . Gallo, C.M., Wang, J.T., Motegi, F., and Seydoux, G. (2010 All students of developmental biology are familiar with classic homeotic transformation experiments in Drosophila in which misexpression of a 'master control' Hox transcription factor results in, for instance, legs growing in place of antennae [1] .
Equally remarkable examples of master control gene potency are the so-called retinal determination genes such as eyeless. Misexpression of these genes results in development of complex eye-like structures where eyes should never be -on wings, legs and antennae [2] . These experiments suggest that master control genes are capable of imposing their agenda on other cells, essentially reprogramming them to express characteristics of a given body segment, organ or cell type. However, their ability to directly convert the programs of other cell types is limited. Reprogramming in vivo is most efficient in certain body regions or certain cell types, especially those related by lineage; others stubbornly stick to their own developmental plans [3] [4] [5] .
What accounts for the resistance to reprogramming in vivo? This is where the somewhat elusive concept of 'cellular context' comes in. Cellular context has been interpreted to mean the overall milieu of the cell which provides a permissive environment for a given transcription factor to promote a specific developmental program.
Inability to do so may be due to the absence of a co-activator, or alternatively, the presence of an inhibitor. The latter is easier to test, since the inhibitor can be removed by loss-of-function experiments. In a recent report in Science [6] , Baris Tursun, Oliver Hobert and colleagues show that knockdown of a single chromatin modifier gene in Caenorhabditis elegans is sufficient to efficiently convert germ cells to different neuron types upon expression of specific transcription factors (Figure 1 ). Below we discuss three elements of this work: the transcription factors that direct the conversion, the chromatin regulator that inhibits the neuronal developmental program and the cell type of origin that becomes reprogrammed.
Extensive work by the Hobert lab and others identified transcription factors -called terminal selector factors -that specify the unique fates of given neuron types in C. elegans [7] . In mutants for a given terminal selector gene, the affected neurons are present and appear to retain generic neuronal features but fail to express the characteristics that make them a specific type of neuron. When terminal selector genes were misexpressed, they could reprogram the identities of only a small number of other neurons, but other cell types remained unaffected. While in some cases this was due to the lack of a co-acting factor, in other cases the mechanisms underlying this resistance were unclear.
The critical role of chromatin state in directing a cell's developmental program is now considered an axiom. Manipulation of chromatin state has previously been implicated in the directed conversion of cell fates [8, 9] . Tursun and Hobert reasoned that if inhibitory chromatin-based mechanisms were preventing terminal selector genes from reprogramming cell identities, then knocking down one or more genes involved in chromatin regulation may provide the necessary permissive context. They found that knocking down the lin-53 histone chaperone gene or chemically blocking histone deacetylase activity resulted in a full-blown conversion of germ cells into specific neuron subtypes upon ectopic expression of terminal selector genes specific to those subtypes [6] . However, at least to the limited extent to which it was studied, expression of the MyoD homolog hlh-1, a non-neuronal selector gene, had no effect, suggesting that LIN-53 specifically affects neuronal loci.
Results from Tursun et al. [6] indicate that proliferative germ cells, which include germline stem cells capable of entering meiosis and forming either sperm or oocytes [10] , are the reprogrammed cell type. This might not be considered surprising given the well-known potential of germ cells to both generate all cell types of an organism through the normal route of gametogenesis, fertilization and zygotic development, and also give rise to ectopic cell types in teratomas [11] . Two intrinsic features are thought to be important for germ cell totipotency: firstly, a unique chromatin configuration, which is presumably modified by lin-53 knockdown, and secondly, heavy reliance on mRNA regulation in the cytoplasm to control gene expression, at least in part through germ granules [11] . However, it is possible that extrinsic signals from the soma also participate in the observed conversion.
This work raises a host of interesting questions. For example, what is the relationship between the potential to reprogram cells and their ontogeny/lineage-history? Precursor cells undergo specific patterns of cell divisions so as to ensure that daughter cells receive the correct complement of proteins that allow them to respond to external signals, and in turn, generate the appropriate cell types. The fact that expression of terminal selector transcription factors can convert lineally unrelated germ cells into neurons suggests that the lineage program may simply allow a permissive environment in which expression of the correct terminal selector gene(s) at the right time and at the right place drives the appropriate subtype-specific program. One might then predict that misexpression of the terminal selector gene for neuron type A in any other neuron should efficiently convert these neurons into A neurons provided that the resident terminal selectors for these neurons are absent.
As mentioned above, mutations in terminal selector genes result in loss of type-specific but not generic neuronal identity. A surprising observation of Tursun et al. [6] is that upon loss of lin-53, misexpression of a terminal selector gene is sufficient to confer all aspects of neuronal identity -both pan-neuronal as well as subtype-specific -upon the germline cells. Decades of research have led to the progressive determination model of neuronal differentiation in which specific factors confer neuronal competence, pan-neuronal identity or type-specific characteristics [12] . Figure 1 . Conversion of germ cells into specific neuron types through knockdown of the histone chaperone LIN-53 and ectopic expression of neuronal terminal selector genes. C. elegans hermaphrodites were subjected to lin-53 RNAi followed by heat-shock promoterinduced ectopic expression of terminal selector genes che-1, unc-30 or unc-3 during larval development [6] . Cells within the gonad lost germline characteristics, displayed neuronal processes, expressed pan-neuronal markers, and also expressed neuronal-type specific markers only for the cell type specified by the terminal selector gene used in the induction and not other neuronal subtypes (illustration by David Doroquez).
How then might a terminal selector gene coordinate the expression of all neuronal features? Does this then mean that any terminal selector gene can also be proneural, and its role in terminal differentiation is merely a consequence of its temporal expression pattern? Terminal selector genes have been shown to act both early and late in the developmental progression of a given neuron type (e.g., [13] ), suggesting that given the appropriate chromatin state, these and perhaps other developmental proteins may be more versatile than previously appreciated (although see below).
What is the reason for the apparent neuronal specificity of the reprogramming? One model is that LIN-53 may specifically function directly or indirectly in the repression of neuronal loci in germline chromatin. It is known that the REST transcription factor in mammalian differentiated non-neuronal cells or in stem cells recruits histone modifiers to convert neuronal loci to constitutive or facultative heterochromatin, respectively [14] . In this model, there would be similar factors that recruit specific modifiers and remodelers to subsets of tissue-specific loci in germline chromatin to act as gatekeepers of different differentiated states. Alternatively, there may be features of germ cells that facilitate conversion to neuronal cell types. For instance, it is possible that germline cells already express early proneural genes and that upon loss of lin-53, neuronal terminal differentiation genes are now accessible to terminal selector proteins. Does this work lead us closer to direct conversion of any cell -and not just pluripotent or lineally related cells -into any other cell type in vivo? In some cases, misexpression of transcription factor(s) alone is sufficient to convert to a lineally unrelated cell fate [15] [16] [17] , but in recalcitrant cases, this work suggests that a systematic exploration of chromatin-based inhibitory mechanisms may enhance directed reprogramming. The advantage of directed transdifferentiation as opposed to a program in which somatic cells dedifferentiate to a pluripotent state followed by redifferentiation to a specific fate [18] is a lower propensity for unregulated growth [19] . It is of course not yet known how these findings in C. elegans will translate more generally. It is also unknown whether the cells that are generated exhibit all properties of the endogenous cell type and whether they are fully functional. Nevertheless, these findings emphasize once again the importance of Waddington's epigenetic landscape [20] , and highlight its dynamic nature.
